U
nique in the medical profession, surgeons are defined by the technical ability to operate. In common with other practical skills, competence and subsequent mastery takes hours of purposeful practice and training. 1 There is a general consensus among the profession that junior surgical trainees' exposure to operating is declining, with a subsequent impact on their training and career progression. This has been described in the literature, 2 but there are few studies with sufficient temporal data to review the effects of all the recent changes to surgical training including the European Working Time Directive (EWTD), core surgical training (CST) and specialty themed posts. One study published in 2016 demonstrated a reduction in surgical senior house officer (SHO) operating numbers between 1992-93 and 2011-12, and attributed this largely to a reduction in working hours throughout this time period.
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For the purpose of this study the term 'SHO' has been used to describe a trainee undertaking basic surgical training, who is pre-higher surgical training. Job titles have changed over the past ten years, therefore SHO has been used synonymously with core surgical trainee and junior surgical trainee.
There have been progressive changes in junior surgical training across Wales and the UK in the past two decades. Surgical training is largely centred on work-based training, following an experiential model, whereby trainees are placed in the work environment and they learn and progress through observing and interacting with patients. This pattern of training inevitably involves some conflict between training and service provision, as demands are placed on the trainee's time to provide care for patients, not all of which is educationally useful. As a result of work and training reforms, such as the EWTD, trainees spend less time in work and have mandatory time off. Trainees are taken away from theatre by night shifts, days off and covering service when colleagues are not in work; all this interferes with the traditional apprentice-master model of surgical training. 4, 5 As part of efforts to modernise and improve training across the UK, we have seen the introduction of the Intercollegiate Surgical Curriculum Programme (ISCP) in 2007 and the CST programme in 2010. In Wales, specialty 'themed' posts were introduced in 2013, to allow trainees to gain experience more relevant to a specific specialty (Table 1) . CST in the UK currently consists of two years, bridging foundation training and higher surgical training. CSTs rotate through four-to-six different posts in surgical specialties. The ISCP has published a syllabus with aims and objectives for these years. 6 The focus on surgical skills in this curriculum is in developing competency in the basic surgical skills (for example, suturing, tissue handling and assisting) to equip the trainee with the necessary fundamental skills to prepare them for higher surgical training. Additionally, CSTs have to be involved in a minimum number of procedures each year, as the primary operating surgeon, evidenced in their surgical electronic logbook and in consultant-validated workplace-based assessments. Higher surgical training applications also require evidence of experience and competency in certain procedures. In the case of otolaryngology, one of these procedures is tonsillectomy. 7 In
Wales, a first-year CST is currently expected to be involved with 200 procedures a year, of which 20% should be as the primary surgeon. 8 There is therefore an understandable emphasis set by the training bodies on CSTs obtaining operative experience. This study questions whether the current training setup for CSTs is successful in this regard. This study's alternative hypothesis is that CSTs are performing fewer operations as the primary surgeon than their equivalent counterparts were ten years ago. Tonsillectomy and adenoidectomy is considered to repre- sent a benchmark surgical procedure, achievable by junior surgical trainees undertaking an ear, nose and throat (ENT) placement; it is therefore hoped that any conclusions from this study may be applied generally across junior surgical training.
MaTeRIaLs aND MeThODs

Data collection
This was a retrospective observational study of prospectively collected data. 
Data analysis
Data were extracted for operations undertaken over a 12-year period from 1 January 2004 to 31 December 2015. All adenoidectomies, tonsillectomies and adenotonsillectomies performed within NHS hospitals in Wales were included (Table 2) . Procedures undertaken in private practice were excluded, as were those with vital information missing, such as the grade of primary surgeon. The primary outcome measure was the grade of primary operating surgeon for each procedure; the SISP divides the operating surgeon into four grades (SHO, non-training grade, specialist registrar and consultant). Only the primary operating surgeon and responsible consultant is recorded. The respective number of SHO procedures was expressed as a total and as a percentage of the total number of procedures performed during each distinct year. Time series analysis with a linear regression model was used to detect a change in the percentage of adenoidectomies, tonsillectomies and adenotonsillectomies performed by SHOs. Pearson correlation analysis was used to determine significance. The dataset provided hierarchical, panel data, so a mixed effect linear regression model was applied to infer the impact of large or small ENT departments on the trends observed in the results. Large departments were defined as those that undertook more than 5,000 operations throughout the study period, and small departments those that undertook less than 5,000 operations. This threshold also represents a division between departments that receive significantly more specialty trainees within ENT. All the 'large departments' currently receive three or four, with the 'small departments' receiving only one or none.
Data were analysed in Microsoft Office Excel 2013 and STATA SE 15. A p-value of less than 0.05 was considered statistically significant.
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ResULTs
A total of 40,817 operations were reviewed throughout the study period; 275 were excluded as they took place in private hospitals and 2,082 were removed as no primary operating surgeon had been documented. A random effects linear regression model was applied to determine any difference between large and small ENT departments. Larger departments were observed to have a more significant impact on the overall trends observed with a decline in percentage of operations from 16.1% to 6.4% (coefficient -2.67, p < 0.001). Smaller ENT departments demonstrated no significant impact on percentage of SHO operations throughout the study period (coefficient -0.48, p = 0.86; Figure 4 ).
DIscUssION
Declining operative experience
This multicentre, retrospective, observational study of tonsil and adenoid surgery has demonstrated a statistically significant decline in procedures undertaken by SHOs over the study period. Although the general trend is that of a reduction in the number of procedures performed as the primary surgeon, it is clear from the results that the greatest reduction was between 2004 and 2005, following the introduction of more stringent guidelines from the Scottish Intercollegiate Guidelines Network on which patients should undergo tonsillectomy. Numerous reasons are postulated for this decline in operating numbers, including loss of the old 'firm' structure in the workplace, resulting in less well-defined relationships between trainers and trainees. In the situation of SHOs attending theatre sessions with a number of different consultants, the traineetrainer relationship consequently develops at a slow pace and trainees have to start anew in demonstrating their experience and skill level each time; from the trainer's viewpoint, this is necessary and appropriate in maintaining patient care.
11 Furthermore, increasing service demand and rota gaps have meant that junior members of surgical teams are spending more time admitting patients and managing inpatients at the expense of training opportunities. 12 In many departments, a cross-cover system is in place out of hours, whereby juniors cover a number of specialties; this can have positive consequences in increasing their general experience, but may reduce time spent with their consultant trainer in theatre. A reduction in the number of hours spent at work following the introduction of the EWTD is widely described as a key factor in the decline in training opportunities for juniors and this has been further substantiated by this study.
13,14
The finding that larger ENT departments have been impacted to a greater degree by changes in training over time is indeed interesting and may have implications in terms of hospitals that juniors select for CST posts. The results of this study indicate that larger hospitals no longer offer the greatest training opportunities and a CST is likely to be exposed to similar training opportunities whether based in a large or small ENT department. These findings appear to suggest that changes in training such as reduced hours at work, increased service provision and specialty cross-cover commitments have been more pronounced in larger departments.
Reversing the trend
Evidence within this study highlights the need for fundamental changes in CST culture to achieve greater exposure to the operating theatre and associated training opportunities. It is highly unlikely that the changes in working patterns and hours will be reversed in the near future, and the emphasis therefore lies in making sure SHO time in theatre is used effectively.
The introduction of dedicated sessions for SHOs to attend theatre, protected from ward or on-call commitments, would undoubtedly help to achieve effective theatre time. However, even in theatre there are likely to be If trainees are to get good experience with limited time, every effort should be made to make each session educationally useful to the trainee. If a procedure is highlighted as the main educational case on that list, it may be possible to adjust the list so that the trainee gets the most from it; leaving it until last is more likely to result in the trainee being rushed or the supervising surgeon taking over due to time pressures. CSTs should be encouraged to review the theatre list in the days leading up to a session, and should be encouraged to review the relevant basic sciences and skills.
Many trainers are experienced, natural teachers who are very effective in nurturing young surgeons' skills; however, others rely on a very traditional approach, which may have been more relevant when the surgical firm structure and long hours allowed the master-apprentice model to flourish. Various methods and frameworks have been proposed as to how to teach a procedure in theatre. Many surgeons will have encountered Peyton's four-step approach, as it is taught on many courses including those run by the Royal College of Surgeons and the Resuscitation Council. 16, 17 Grantcharon and Reznick expanded on Peyton's work by incorporating the four steps into an eight-stage process, which starts with practice of the basic skills in a simulated environment and progresses to acquiring the relevant knowledge prior to proceeding with Peyton's four steps in theatre. 18 Although traditional surgical teaching would progress in stages, the significant difference here (in addition to the increased preparation) is that the trainee focuses on an individual section at a time. Traditionally, a trainee would build the procedure, so that the first part learnt is performed repetitively and new parts are added until the whole procedure can be completed. A disadvantage with this traditional method is that any complication or difficulty early on can delay the case and may result in the trainer taking over and the trainee failing to reach the desired part. Grantcharon and Reznick's more focused approach is a good example of 'deliberate practice' as described by Anders Ericsson; 19 the trainee is not merely repeating the same skill repetitively but is concentrating on the part that has been identified as needed to extend their abilities. This highlights the role for simulation to be built into junior surgical training. A number of validated models for practising the basic skills for tonsillectomy exist.
20
These models could be used outside of clinical hours to prepare SHOs for theatre and demonstrate competence to their trainer. Simple, cheap, low-fidelity simulators can be readily made and are described in the literature. [21] [22] [23] Despite having low physical and psychological fidelity, these have a high functional fidelity, which is perfect for developing basic skills, such as using instruments 'back-hand', being able to operate ambidextrously and tying knots at depth in the oropharynx. During the first weeks of a placement, CSTs could be trained on these using Peyton's four-step approach; the trainer can then judge when the trainee is ready to begin operating in theatre. The trainee may then return to simulation training to augment practice in theatre and to rectify weaknesses identified in feedback. Used this way, simulation can enhance training and allow valuable time in theatre to be used effectively.
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Limitations
This study is limited by being unable to adjust for the number of junior surgical trainees working in ENT across Wales throughout the study period. Efforts were made to establish this number but the data could not be found. It is plausible that the changes observed in our results could be negated by a larger 
Large hosp.
PeerRev number of ENT trainees working on firms during the start of the study period.
The dataset from which the results were drawn in this study contains a wide variety of data. This study appreciates that there are likely to be multiple interactions within this panel data. However, for the scope of this paper and its message, we have chosen to focus on only the primary operating surgeon and the effect of different sized ENT departments.
The number of procedures performed does not necessarily translate into quality of outcome. Overall number of procedures should not be reviewed in isolation and does not substitute for an individual's ability to show overall improvement and eventual competence at a given procedure. There is certainly an argument that better, more focused training on a smaller number of procedures may outweigh simple quantity of exposure in an unsupported (and potentially unsafe) environment. While large national databases such as the SISP allow researchers to study trends with large numbers, it is difficult to draw firm conclusions on specifics. Online portfolios and work-based assessments, as well as a review of trainees' mean logbook numbers over time, may allow an opportunity for these factors to be studied in the future.
Tonsillectomy is used as a benchmark procedure in this study, with the hope that conclusions can apply across core surgical training. However, this is an assumption and it would be pertinent to establish whether a similar pattern is present in other surgical specialties. Further studies into other surgical procedures such as inguinal hernia repair or appendicectomy may refute or corroborate this notion.
cONcLUsION
This study has demonstrated a decline in the proportion and absolute numbers of adenoidectomies, tonsillectomies and adenotonsillectomies carried out by SHOs over a 12-year period. Recent training changes have not been effective in maintaining surgical exposure in the modern medical world, with the loss of the firm structure, increasing service demand and limited training time being likely contributing factors. The effects of time, changes to training and working hours have been more pronounced in larger ENT departments throughout Wales. The surgical community needs to consider if the current training is good enough prior to higher surgical training and explore creative ways to make the limited time that CSTs have in theatre more effective.
